Context: The Numeric Pain Rating Scale (NPRS) is commonly used to assess pain. Change in the NPRS across time can be interpreted with responsiveness indices. Objective: To determine the minimal clinically important difference (MCID) of the NPRS. Design: Single-group repeated measures. Setting: Outpatient rehabilitation clinics. Patients: Patients with shoulder pain (N = 136). Main Outcome Measures: At the initial evaluation patients completed the Penn Shoulder Score (PSS), which includes pain, satisfaction, and function sections. Pain was measured using an 11-point NPRS for 3 conditions of pain: at rest, with normal daily activities, and with strenuous activities. The NPRS average was calculated by averaging the NPRS scores for 3 conditions of pain. The final PSS was completed after 3-4 wk of rehabilitation. To determine the MCID for the NPRS average, the minimal detectible change of 8.6 points for the PSS function scale (0-60 points) was used as an external criterion anchor to classify patients as meaningfully improved (≥8.6 point change) or not improved (<8.6-point change). The MCID for the NPRS average was also determined for subgroups of surgical and nonsurgical patients. Cohen's effect sizes were calculated as a measure of group responsiveness for the NPRS average. Results: Using a receiver-operating-characteristic analysis, the MCID for the average NPRS for all patients was 2.17, and it was 2.17 for both the surgical and nonsurgical subgroup: area-under-the-curve range .74-.76 (95%CI: .55-.95). The effect size for all patients was 1.84, and it was 1.51 and 1.94 for the surgical and nonsurgical groups, respectively. Conclusions: The NPRS average of 3 pain questions demonstrated responsiveness with an MCID of 2.17 in patients with shoulder pain receiving rehabilitation for 3-4 wk. The effect sizes indicated a large effect. However, responsiveness values are not static. Further research is indicated to assess responsiveness of the NPRS average in different types of patients with shoulder pain.
Pain ratings are used to evaluate the effects of treatment, and pain intensity at baseline can predict treatment outcome in patients with shoulder pain. [1] [2] [3] [4] [5] [6] [7] [8] Pain is commonly assessed in outpatient rehabilitation in patients with shoulder pain using various patient-rated numeric pain-rating scales (NPRSs). An NPRS is described as an 11-point scale with scores from 0 to 10 and anchors of 0 = no pain and 10 = worst possible pain. 9 The 11-point NPRS has been used to assess shoulder pain under various conditions such as pain at rest, pain with normal activities, average pain, best pain, and worst pain. 10, 11 When pain is assessed under various conditions, multiple NPRS scores are obtained. The Pennsylvania Shoulder Score (PSS) is a patient-rated outcomes instrument used to measure pain under 3 conditions by rating each pain question using the NPRS. The PSS also has sections to measure function and satisfaction in people with shoulder conditions. 11 Although completing the entire PSS will yield information about pain, satisfaction, and function, clinicians may choose to use only the pain portion of the PSS in certain situations, such as when a patient's pain level is very high and the patient's primary short-term goal is to decrease pain. Pain is typically assessed at various time points in the course of a program of care to determine progress. However, to interpret the change in pain over time, determining the amount of change in pain considered meaningful is required.
Clinically meaningful change can be estimated by determining the responsiveness of an instrument. Responsiveness, defined as the ability of an instrument to detect clinically meaningful or clinically important change over time, has been advocated as a critical measurement property of outcome instruments. [12] [13] [14] [15] Responsiveness indices can be calculated to assess responsiveness of a measure applied to a group of patients or individual patients. Cohen's effect size 16 is a recommended responsiveness index used to indicate responsiveness for a group of patients; it cannot be applied to individual patients. It is less vulnerable to inappropriate variation because it is calculated using a pooled standard deviation in the denominator. Moreover, there are reference standards for interpretation; .2 is a small effect, .5 is a medium effect, .8 is a large effect.
Responsiveness indices indicated for use at the individual patient level, or the amount of change in a measure that is considered meaningful to a group of patients, can be determined through distribution-or anchor-based methods. Distributionbased methods provide information regarding the statistical error associated with a change score, commonly known as the minimal detectable change (MDC) or smallest detectable difference. The anchor-based method uses an external criterion, typically based on patient perception, to operationally define the clinical meaningfulness of the observed change, 14, 17 which is often referred to as the minimally clinically important difference (MCID) or the minimal important change. Both the distribution-(MDC) and the anchor-based (MCID) methods provide useful information, but only the anchor-based method can provide an estimate of clinically meaningful change. The distribution-based method determines the statistical magnitude of change, thus providing no information about clinical meaningfulness. Lack of clinical meaning hampers the interpretation of outcomes instruments and limits their usefulness for both directing individual patient care and evaluating clinical studies of treatment effectiveness.
The amount of change that is considered meaningful, the MCID, is based on an external measure of change that assesses important change to the patient. A common external criterion measure for the detection of patient-perceived improvement is the Global Rating of Change (GRC), also known as global perceived effect. The GRC has been criticized because it is a transitional scale that requires recall of prior health status. [18] [19] [20] Measurement of change that does not require recall may be more appropriate to determine important or clinically meaningful change in patient status because these methods are not vulnerable to recall bias. An anchor-based method, unlike a transitional scale that involves recall, determines meaningful improvement by calculating change in an external criterion measure such as function or overall rating of function or disability. 21 Calculating important change on independent measures such as function or disability reduces the likelihood of inaccurate reflection by the patient regarding a change in health status.
Responsiveness values of various pain conditions using the 11-point NPRS have been reported for a variety of musculoskeletal disorders. The MCID for a single NPRS rating or the average of multiple NPRSs for various types of pain conditions over a 1-to 4-week treatment interval ranges from 1 to 3 points. [22] [23] [24] Recently, in patients with shoulder pain the MCID for an NPRS of the average of 3 ratings of current pain, worst pain in 24 hours, and least pain in 24 hours was 1.1 points over a 2-to 4-week interval of rehabilitation treatment. 10 This indicates that the average of 3 NPRSs for the 3 pain conditions of the shoulder is responsive to monitor change over time. However, in this study a transitional scale, the GRC, was used as the external criterion to define patient improvement. The GRC may not accurately reflect change in patient-perceived important improvement. Furthermore, the effect of surgical status on responsiveness of pain scores in patients with shoulder pain has not been examined. Surgical status may affect responsiveness, because it has influenced the reliability of patient-rated measures of shoulder function. 25 The purpose of this study was to determine responsiveness of an average of 3 NPRS scores from the 3 PSS pain questions in patients undergoing rehabilitation for shoulder pain in outpatient clinics. Specifically, we were interested in determining the MCID of the NPRS average, which was generated from the 3 questions of the PSS on pain at rest, during activities of daily living, and during strenuous activities using a nontransitional anchor-based method to determine meaningful change. Furthermore, we wanted to determine whether the responsiveness index of the MCID for patients who present to rehabilitation postsurgery was different from those who do not have surgery. We hypothesized that patients who had surgery would have a larger MCID than those who did not. Finally, we aimed to determine the group responsiveness index of Cohen's effect size for all patients and for those who had and had not had surgery. These results will provide guidelines for interpreting change scores for the NPRS average for patients with shoulder pain postsurgery and for nonoperative outpatient rehabilitation.
Methods
A sample of convenience was used. Consecutive patients who presented between 2002 and 2006 with shoulder pain (N = 136) to 17 outpatient clinics across 4 states (Delaware, New Jersey, New York, and Pennsylvania) for the purpose of shoulder rehabilitation were included in the study as described in Table 1 . Inclusion criteria included a primary diagnosis of shoulder pain, the ability to read and comprehend English, and age ranging from 18 to 85 years. Patients presented with a variety of shoulder diagnoses with both surgical and nonsurgical shoulder conditions (Table  2) . At the initial evaluation, patients were asked to provide demographic information and complete the PSS. 11 The PSS contains 3 questions to assess pain, scored on the 11-point standard NPRS. At the final time point, which was after 3 to 4 weeks of treatment, patients completed the same forms again. At this time, patients were blinded to their scores from the initial evaluation. This study was approved by the University of Pennsylvania Medical Center and Hahnemann University.
PSS
The PSS is a self-report outcomes tool designed to assess shoulder pain, satisfaction, and function. 11 It contains 3 sections: pain (30 points maximum), satisfaction (10 points maximum), and function (60 points maximum). The PSS total score ranges from 0 to 100 points, with 100 indicating no pain and full satisfaction and The pain section of the PSS contains 3 pain questions, specifically asking for a score on an NPRS rating of pain at rest, with normal daily activities, and with strenuous activities. Each item is rated on an 11-point NPRS, with the anchors of 0 = no pain and 10 = worst possible pain. 9 For the PSS pain subscale, each of the 3 pain items is scored by subtracting the raw score from 10, and then total PSS pain subscale score is calculated by summing the 3 individual pain items for a total pain score of 0 to 30 (30 = no pain) . For this study, we summed the 3 NPRS scores from the 3 pain questions from the PSS and then divided by 3 to calculate the NPRS average. The average of the 3 PSS pain items was used for data analysis. Scores for each pain item were labeled as NPRS at rest, NPRS normal activities, and NPRS strenuous activities, and the average as NPRS average.
The PSS function subscale contains 20 questions (items) rated on a 4-point Likert scale for level of difficulty (0 = cannot do at all, 1 = much difficulty, 2 = some difficulty, 3 = no difficulty) for a maximum score of 60 points, which is indicative of full function. There is also an option for "did not do before injury" for each function item. The function section is scored by totaling the scores of each of the 20 items. If a patient has indicated that he or she did not do an item before injury, then the total score is calculated by subtracting 3 points for every item that was not done before the injury from the maximum 60-point total score (number of "didn't do before injury" × 3 = a; 60 -a = b; function total score = total score/b = c, then c × 60). The MDC 90 of the PSS function subscale is 8.6 points.
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Data Analysis
Patients were dichotomized as improved or not improved based on the PSS function scores. The PSS function scale was used as the external criterion measure of meaningful change in a patient's status because a change in use of the shoulder in daily activities, work, and recreation was considered a meaningful construct of change. Patients who improved from initial to final on the PSS function subscale by the MDC 90 of 8.6 11 were classified as improved, and those with less than 8.6 points change as not improved. The MDC 90 value is an index of the error associated with 2 scores or change scores. Using the MDC 90 of 8.6 provides 90% confidence that a change of more than 8.6 PSS function points is indicative of true improvement and not error. This classification was done for the total group and the 2 subgroups: those who had surgery and those who did not. Means and standard deviations were calculated for NPRS average at initial and final time points, as well as change scores.
Responsiveness indices, the MCID, and Cohen's effect sizes were calculated for the NPRS average for all patients and for surgical and nonsurgical subgroups. Receiver-operator-characteristic (ROC) curves were constructed by plotting the sensitivity and specificity values for the NPRS-average change scores to determine the MCID that differentiates patients who improved an important amount from those who did not. The area under the curve (AUC) was used to determine the probability that a patient who was identified as improved was correctly identified by the change in NPRS average. AUC values range from .5 to 1.0; measures with no discriminative ability beyond chance have AUC values of .5, whereas measures with perfect discriminative accuracy have an AUC of 1.0. 26 It is generally accepted that an AUC value for a test or measure is satisfactory when it exceeds .70, and values above .90 represent high accuracy. 24, 27 The MCID was determined by identifying the upper left-hand point on the ROC curve where sensitivity and 1-specificity were maximized and the best cut point for distinguishing improved and unimproved patients was located. 28 Sensitivity and specificity were calculated for each of the selected cutoff scores. Cohen's effect sizes 16 were calculated as group responsiveness index: (mean final NPRS average -mean initial-evaluation NPRS average)/ pooled SD. SPSS, version 15 (SPSS Inc, Chicago, IL), was used for data analysis.
Results
Means and standard deviations were calculated for the pain variables associated with all patients (Table 3 ) and the surgical and nonsurgical subgroups (Table 4) according to improved and unimproved status. The ranges in scores for the average change in the NPRS average for the improved groups were 2.8 ± 1.7 to 3.7 ± 1.9 points, and the ranges for the unimproved groups were 1.0 ± 1.8 to 2.1 ± 1.5 points. Figures 1 to 3 represent the ROC curves for all patients and the nonsurgical and surgical subgroups, respectively. The range in AUC values for the NPRS average of the 3 pain questions from initial evaluation to DC was .74 (.65-.82) to .76 (.67-.86; Table 5 ). Thresholds for MCID for all groups were 2.17 pain points; corresponding sensitivity and specificity values are reported in Table 5 . Cohen's effect size ranged from 1.51 to 1.94 for the 3 groups (Table 5) , each greater than 0.8, indicating a large effect.
Discussion
One challenge with patient self-report outcomes instruments is interpreting their scores. Determining the clinically meaningful change of measures used to assess outcome is critically needed to guide the interpretation of the effectiveness of interventions delivered to individual patients and those in clinical trials. We investigated the responsiveness of the NPRS average, the average of 3 NPRS scores from the 3 PSS pain questions. This study is the first to determine Cohen's effect sizes and MCIDs of the NPRS average in patients with shoulder pain and subgroups of surgical and nonsurgical patients. The effect sizes were all greater than .8, indicating a large effect and, therefore, responsiveness of the NPRS average. The MCID is 2.17 points for any patient presenting with shoulder pain and is also 2.17 NPRS-average points for both subgroups of surgical and nonsurgical patients. Clinically, this MCID value can be used to guide treatment of individual patients. When a patient has a change of more than 2.17 points (eg, a decrease from 9 to 5 points) on the NPRS average over a 3-to 4-week course of treatment, the clinician can be confident that the patient has experienced a change in pain that is meaningful with respect to his or her function. Researchers can use the 2.17 MCID for the NPRS average for shoulder pain to determine whether the results of a clinical trial are clinically meaningful, and not just statistically significant. 29 Change that is meaningful to the patient should be the value used to interpret treatment effect for individual patient care and for studies investigating treatment effectiveness. MCID, minimal clinically important difference; AUC, area under the curve; Sn, sensitivity; Sp, specificity. Cohen effect size = (mean final NPRS average -mean initial NPRS average)/SD pooled.
* P = .06. **P < .0001. Using ROC-curve analysis, the MCID for the NPRS average was 2.17 for all patients and the subgroups of surgical and nonsurgical diagnoses. All 3 ROC-curve analyses had acceptable levels of diagnostic accuracy (sensitivity .69-.83, specificity .60-.83) and demonstrated the ability to discriminate between improved and unimproved patients 74% to 76% of the time using a change of 2.17 NPRS-average points. For the surgical group, the AUC's significance level fell below the typical cutoff value of .05, with a probability value of .06. However, the AUC value for the surgical group was .75, with 95%CI of .55 to .95. The confidence bounds for the AUC for the surgical group are wide, which is likely because of a small sample of 6 subjects in the unimproved group. Given the similarities of the diagnostic characteristics of the 3 groups, the MCID of 2.17 can be used, but with less confidence, to distinguish improved versus unimproved surgical patients.
In a prior study by Mintken et al, 10 the MCID for a different NPRS average of 3 pain questions in patients with shoulder pain was 1.1 points. This NPRS average was calculated from the 3 pain questions of average pain, worst pain, and best pain, which were different questions than those used in our study. Patients in the prior study by Mintken et al were receiving outpatient rehabilitation, with the time interval between data-collection points of 2 to 4 weeks. This interval of treatment is comparable to that of our study of 3 to 4 weeks, but Mintken et al used the GRC as the anchor to classify patients as improved and stable. As previously described, the GRC is a transitional scale that is subject to recall bias. [18] [19] [20] We used a change in function on the PSS function subscale, specifically the MDC value of 8.6 points, as the external criterion measure of change. Using an external criterion for change based on a measure of current health status reduces the likelihood of inaccurate reflection and recall bias regarding a change in health status. In addition, our decision to use an external criterion based on function was based on a theory that when there is a change in function greater than error, the patient is improving. The discrepancies in defining when meaningful change has occurred and the use of 3 different pain questions for calculating the Mintken et al 10 -defined NPRS average may account for the different MCIDs of Mintken et al 10 (1.1 points) and our study (2.17 points).An interesting finding of this study is that the MCID for the surgical and nonsurgical subgroups was the same, 2.17 points, indicating that meaningful change in pain, when measured with the NPRS average, is perceived the same, regardless of surgical status. We hypothesized that the MCID value would be greater in the surgical group than the nonsurgical group because of a likely higher initial pain intensity in the surgical group. 25 Baseline scores for the surgical group had an NPRS average of 5.1 and the nonsurgical group a 4.9, indicating slightly higher pain for the surgical group. For the surgical subgroup, there was an overlap in 90% confidence intervals for the improved and unimproved NPRS-average change scores, indicating a limited ability of the MCID for the NPRS average to differentiate between those who improve and those who do not in the surgical group.
The 11-point NPRS is a common method of assessing pain in patients being treated in outpatient rehabilitation centers for musculoskeletal disorders. Prior studies have reported MCID values for NPRS or NPRS average derived from of a variety of pain conditions ranging from 1.0 to 2.76 points in these settings over a treatment interval ranging from 1 to 4 weeks. 10, [22] [23] [24] However, other studies have reported a range of MCID values of 0.5 to 4.5 with intervals of measurement from 2 days to 3 months. 10, [22] [23] [24] 27, 30 With different time intervals, and hence different periods of change, the MCID may vary.
The MCID can be affected by a variety of factors that include, but are not limited to, time interval of change, demographics of patients, type of treatment, types of questions used to rate pain with an NPRS, the external criterion measure used to define change, and the definition of change for the external criterion measure.
14 Of these, the definition of the amount of change is critical because the wording used to represent clinically important change can vary the MCID value. For example, definitions for meaningful change have included minimal change versus somewhat different versus a great deal different. These different definitions of change can produce different values of MCID. As a result, MCID and effect size should not be viewed as single static values. The MCID is not a single value (eg, 2.17) for shoulder pain but rather a range of values dependent on factors that influence the measurement of the MCID.
There are limitations to this study. The MCID and effect-size values in this study are generalizable to patients undergoing outpatient rehabilitation for surgical or nonsurgical shoulder pain, evaluating change using the 3 pain questions in this study for the NPRS average after 3 to 4 weeks of rehabilitation. In addition, the external criterion measure of change used in this study was MDC for the PSS function subscore, and although based on theory, it is not the only external criterion that could be used. Shorter or longer intervals of time between measurements of pain or the use of a different criterion measure of change could result in lower or higher MCID values. In addition, we do not know whether MCID and effect-size values would differ across other variables such as ethnicity. Finally, generalizability of values for the surgical group may be limited by our small sample size in the unimproved group and overlap of the confidence bounds of the NPRS-average change scores for improved and unimproved groups.
Future studies should continue the investigation of MCID for pain in patients with shoulder pain, because the MCID may be higher or lower in a different mix of shoulder-pain diagnoses, treatment settings, and time intervals of change. Moreover, further investigation of meaningful change in pain for patients undergoing surgery is warranted. Investigations using different anchors of change are needed. Further studies will improve interpretability of pain scores in patients with shoulder pain.
Conclusions
The NPRS average as calculated in this study as an average of 3 questions of pain at rest, pain with normal activities, and pain with strenuous activities using the external criterion of change on the PSS function subscale is responsive in patients with shoulder pain who are undergoing rehabilitation for 3 to 4 weeks. A large effect was demonstrated with Cohen's effect size for all patients and for the subgroups of surgical and nonsurgical patients. A 2.17-point change in the NPRS average is clinically meaningful. A change in NPRS average of 2.17 can discriminate between patients who have improved and those who have not improved in shoulder function in all patients, as well as surgical and nonsurgical groups. Our study has contributed to the interpretability of the NPRS average based on the 3 pain items from the PSS, but not to the interpretability of the PSS pain subscale. The PSS subscale is the sum of the 3 pain items. This is the first study to examine the responsiveness of the NPRS average, as defined in this study, in patients with shoulder pain and subgroups of surgical and nonsurgical diagnoses of shoulder pain. These findings will facilitate the interpretation of NPRS-average scores for clinicians and researchers.
